To analyze the association between pre-and perioperative factors and pouch-related septic complications (PRSC) in ulcerative colitis (UC) and in familial adenomatous polyposis (FAP) after ileal pouch-anal anastomosis (IPAA).
Objective
To analyze the association between pre-and perioperative factors and pouch-related septic complications (PRSC) in ulcerative colitis (UC) and in familial adenomatous polyposis (FAP) after ileal pouch-anal anastomosis (IPAA).
Summary Background Data
For patients with UC and FAP, IPAA is the surgical therapy of choice, but in some patients the outcome is compromised by PRSC.
Methods
A total of 706 consecutive patients (494 UC, 212 FAP) were assessed in a study aimed at identifying subgroups of patients who were at high risk for PRSC. The rate of PRSC was analyzed as a time-dependent function (Kaplan-Meier estimation). Patients with UC and FAP were stratified separately according to associated factors (age, sex, surgeon's experience, temporary ileostomy, colectomy before IPAA, anastomotic tension, and several factors specific for UC).
Results
In all, 131 (19.2%) patients had PRSC (23.4% UC, 9.4% FAP). In patients with UC, the estimated 1-year PRSC rate was 15.6% and the estimated 3-year PRSC rate was 24.2%.
In patients with FAP, the estimated 1-year and 3-year PRSC rates were 9.2%. The difference between the estimated rates of PRSC was significant (P Ͻ .001). In the univariate analysis, patients with UC younger than 50 years, with severe proctitis, with preoperative hemoglobin levels less than 10 g/L, or receiving corticoid medication had a significantly higher risk for PRSC (P ϭ .039, P ϭ .037, P ϭ .047, P ϭ .003, respectively). Multivariate analysis showed that patients with UC receiving a systemic prednisolone-equivalent corticoid medication of more than 40 mg/day had a significantly greater risk of developing pouch-related complications than patients with UC receiving 1 to 40 mg/day and patients with UC who were not receiving corticoid medication (RR: 3.78, 2.25, 1, respectively, P Ͻ .001). Patients with FAP proved to have a significantly higher risk for PRSC in the univariate and multivariate analyses if anastomotic tension had occurred (RR 3.60, P ϭ .0086).
Conclusions
Pouch-related septic complications occur as late complications and should therefore be considered in regular, specific long-term follow-up examinations. The authors identified significant risk factors for PRSC specific to patients with UC and FAP; these must be considered for each individual surgical strategy.
these complications may be severe: in the worst case, permanent defunctioning or excision of the pouch may be needed. 10, 16 Identification of pre-and perioperative risk factors for PRSC may help to refine prevention strategies. Most recommendations found in the literature are based on empiric reports: no multivariate analysis of pre-or perioperative risk factors for PRSC is available. Univariate analyses were performed in several studies, 2, 4, 8, 14, [17] [18] [19] [20] [21] [22] [23] but there is great disparity between the findings of these studies, possibly because of small numbers of patients, a nonstandardized surgical procedure, restriction to a small number of influencing factors, and different durations and modes of follow-up.
The present study had three objectives: to evaluate the effectiveness of the proposed strategies for follow-up after IPAA, to assess the rate of PRSC after IPAA, and to identify potential pre-and perioperative risk factors for the development of these complications in univariate and multivariate analyses.
Knowledge of risk factors may help to prevent PRSC by establishing optimal indications and timing of IPAA, choosing the individual surgical procedure, and using specific follow-up strategies.
PATIENTS AND METHODS
The IPAA procedure was introduced at the Department of Surgery, University of Heidelberg, in January 1982. Based on our experience with IPAA in the first 6 years up to January 1988, we designed a program for long-term follow-up after IPAA, focusing on the occurrence of PRSC. A total of 706 consecutive patients (494 UC, 212 FAP) underwent IPAA between January 1988 and June 1999 at our hospital and were included in this retrospective study. In all, 16 patients with UC and 9 patients with FAP were lost to follow-up within the first 3 months after IPAA and were not included in the risk factor analysis.
Data were entered into a clinical registry at the time of surgery and at each follow-up and were documented prospectively. The registry was maintained and statistical analysis of the data was performed by a biostatistician. Data regarding the clinical course of UC before surgery were obtained directly from the patient and his or her gastroenterologist. Patients were enrolled in a long-term follow-up program with standard follow-up intervals after IPAA of 3, 6, and 12 months in the first year, once yearly for another 4 years, and then once every 2 years, with the aim of detecting PRSC. In addition, patients were asked to present at the outpatient department of our hospital if any pouch-related symptoms developed, independently of the scheduled appointments. Patient characteristics are listed in Table 1 .
We defined PRSC as the presence of fistulas or abscesses near the pouch (in the small pelvis), in the upper, middle, or lower part of the pouch, in the area of the rectal cuff, in the area of the IPAA, or in the area of the anal sphincter.
Diagnostic study for the detection of PRSC routinely involved obtaining the patient's history and performing rectal digital and proctoscopic examination and pouchoscopy at each follow-up. Digital examination included palpation of the complete circumference of the rectal cuff, the pouch-anal anastomosis, and the anal canal. This examination has a high sensitivity in detecting PRSC because of the localized pain that is provoked. If PRSC was suspected, an extensive examination was performed to detect and localize or exclude PRSC ( Table 2) .
To avoid misdiagnosis of Crohn's disease, all biopsy samples were reviewed before surgery by an experienced pathologist skilled in the evaluation of inflammatory bowel diseases, and all candidates for IPAA were examined endoscopically by the surgeon. If Crohn's disease was suspected, we performed a Hartmann procedure until the final results of the pathologic examination were available. The effectiveness of this strategy was proven by the fact that in the entire series of patients who underwent IPAA, no case of previously undetected Crohn's disease was identified by histologic examination of the resected specimen or of the biopsy samples at follow-up. As a routine procedure, the histologic specimens from the resected colon were reviewed by the pathologist in patients with fistulas. Again, no case of Crohn's disease was diagnosed.
The surgical procedure consisted of abdominal proctocolectomy, complete transanal mucosectomy leaving a rectum cuff with a length of 3 to 4 cm, construction of a 15-cm ileal J pouch using two 90-mm linear staplers (GIA 90 Premium, US Surgical Corp., Norwalk, CT), and a hand-sewn IPAA using 14 to 18 stitches. In the first years of the period investigated, a defunctioning loop ileostomy was invariably used. Since 1996, however, the protective ileostomy has been omitted in several patients who were in good condition, in whom the anastomosis could be completed without any technical difficulty, and who were receiving low-dose or no corticoid medication.
During surgery, each of the surgeons explicitly documented the state of the IPAA and noted whether there was any tension.
A surgeon's experience has been shown to have an effect on the outcome of IPAA 8, 24, 25 and was therefore analyzed as a potential factor for PRSC in our study. We defined operations as being performed by an experienced surgeon if the surgeon had done at least 30 IPAAs.
With respect to the extent of the disease, we distinguished between pancolitis with backwash ileitis (BWI), pancolitis without BWI, and left-sided colitis with inflammatory manifestations only distal to the hepatic flexure. We diagnosed BWI when inflammation of the terminal ileal mucosa was present over at least 5 cm.
The disease activity of UC was measured using the Colitis Activity Index introduced by Rachmilewitz. 26 We distinguished between three grades of severity (scores 0 -7, 8 -15, 16 -31) . The grade of proctitis was measured accord-ing to the histologic classification developed by Truelove and Richards. 27 Systemic corticoid medication was calculated as the prednisolone equivalent dose in milligrams.
Statistical Analysis
We used SAS software (Release 8.00, SAS Institute, Inc., Cary, NC) for statistical analysis. The distribution of age at IPAA and duration of disease were presented as the median with an interquartile range. In many patients with UC, PRSC occurred not only during the first year but after a long period of follow-up as well. The rate of PRSC was therefore regarded as a time-dependent function and was estimated by the Kaplan-Meier method. The Kaplan-Meier estimation considered the first occurrence of a PRSC and was presented as a PRSC rate curve. Patients alive without PRSC were censored, as were 13 patients who died without having developed PRSC.
Although the surgical procedure of IPAA and the follow-up procedure are identical for patients with UC and those with FAP, some risk factors for PRSC are specific for UC. Risk factors for PRSC were therefore analyzed separately for the two groups of patients. The univariate associations between influencing factors and the complication rate were examined by the log-rank test. Factors independently associated with the complication rate were identified by proportional hazards regression (Cox model). Stepdown regression methods were used to develop a parsimonious statistical model for associating the individual factors with the complication rates among patients for whom data were complete. A factor was kept in the model if the value of the log likelihood statistic changed significantly. 28 Probability values were considered as statistically significant at the 0.05 level. All tests were two-sided.
RESULTS
The frequency of PRSC was 19.2% in all patients with IPAA (23.4% in patients with UC, 9.4% in patients with FAP). The frequencies of the different forms of PRSC in patients with UC and those with FAP are shown in Table 3 . Fistulas or leaks of the J pouch-anal anastomosis were the predominant PRSC in both groups of patients.
In patients with UC, the estimated 1-year PRSC rate was 15.6% and the 3-year PRSC rate was 24.2% (Table 4 ). In patients with FAP, the 1-year and 3-year PRSC rates were 9.2% ( Table 5 ). As shown by the Kaplan-Meier curve (Fig.  1 ), the risk of PRSC was significantly greater in patients with UC than in patients with FAP (P Ͻ .001). In patients with FAP, 90% of the PRSCs (17/19) occurred within the first 12 months of follow-up, whereas in patients with UC only 63% of the PRSCs (71/112) occurred within this period. 
Patients With Ulcerative Colitis
Results of the univariate analysis of potential risk factors for PRSC in patients with UC are listed in Table 4 . In patients with UC, the risk for PRSC was significantly greater when patients were receiving systemic corticoid medication before surgery, were younger than 50 years, had proctitis (grade 3), or showed preoperative hemoglobin levels of less than 10 g/L (P ϭ .003, P ϭ .039, P ϭ .037, P ϭ .047, respectively) ( Fig. 2) . Patients with BWI showed a tendency toward a lower risk of PRSC (P ϭ .096). A surgeon's experience had a nonsignificant influence on the rate of PRSC (P ϭ .077).
A total of 273 patients with UC were receiving systemic corticoid medication for a period of more than 30 days before IPAA. Corticoid medication required in patients with UC at the time of IPAA was confirmed as an independent risk factor for PRSC in the multivariate analysis of patients who had not undergone colectomy and Hartmann procedure before IPAA. Patients with a systemic prednisolone-equivalent corticoid medication of more than 40 mg/day had a significantly greater risk of developing PRSC than patients with UC receiving 1 to 40 mg/day and patients with UC who were not receiving corticoid medication (relative risk [RR]: 3.78, 2.25, 1, respectively; P Ͻ .001; Table 6 ). The tendency toward a lower risk for PRSC in patients with BWI was confirmed as being significant in the multivariate analysis (RR: 0.42; P ϭ .042). No other factor could be identified in the multivariate analysis as having an influence on the risk for PRSC.
Patients With Familial Adenomatous Polyposis
Results of the univariate analysis showed a significantly greater risk for PRSC in patients with FAP in whom anastomotic tension was present and who were older than 50 years (P ϭ .004, P ϭ .028, respectively; Fig. 3 , Table 5 ).
The multivariate analysis confirmed anastomotic tension as an independent risk factor for PRSC, but age older than 50 years just missed being statistically significant as a risk factor (RR ϭ 3.6, P ϭ .0086; RR ϭ 3.02, P ϭ .051, respectively; Table 7 ). No other factor was identified in the multivariate analysis as having an influence on the risk for PRSC.
DISCUSSION
The pelvic pouch procedure has proved to be an effective and safe surgical therapy for patients with UC and FAP and thus has been established as the surgical treatment of choice for these patients since the early 1980s. [2] [3] [4] [5] [6] Patient acceptance is high, the death rate is low, and functional results are satisfactory. 7, 8 Nevertheless, PRSC may compromise the outcome of the procedure in some patients, as shown in earlier investigations. 9 -12 In large patient series, the rates of PRSC ranged from 4% 29 to 37.4%, 15 but variations in methods of investigation, surgical technique, and mode of follow-up, as well as lack of differentiation between patients with UC and patients with FAP, limit comparisons between the results of different centers. Varying surgical techniques for construction of the ileal pouch have been used during the past 20 years in terms of the pouch design (S, W, and J pouch), the procedure of mucosectomy, and the suturing technique of the pouch-anal anastomosis. 9, 16, 20 Various studies have even shown these variations to be influencing factors for PRSC. 12, 30, 31 Our study design provided several advantages. Data about the preclinical status and data obtained from direct contact with the patients at each of the follow-up consultations were entered into a clinical registry and documented prospectively. Follow-up was of long median duration and standardized with a focus on PRSC, among other complications. The extensive diagnostic study safely detected or excluded PRSC, so that for the analysis of risk factors, patients who had PRSC could be precisely distinguished from those who did not. The surgical procedure for IPAA was uniform over the whole period of investigation. The rate of PRSC was regarded as a time-dependent function and was therefore estimated by the Kaplan-Meier method, and potential influencing factors were identified in a multivariate analysis. Initial misdiagnosis of Crohn's disease as UC is described as a major risk factor for PRSC in the literature. 20, [32] [33] [34] Because histologic examination of the resected specimen identified no case of Crohn's disease among the patients examined in our study, we can exclude any bias caused by undetected Crohn's disease. The rate of PRSC showed a great disparity between patients with UC and patients with FAP. The estimated cumulative risk of PRSC was markedly greater in patients with UC than in patients with FAP, indicating the predominant role of the underlying disease for the development of PRSC. This is in line with earlier studies that also showed a markedly greater risk of PRSC in patients with UC than in patients with FAP. 4,10,11,13,18,20,23,32,34 -37 The analysis of PRSC with the Kaplan-Meier method as a time-dependent event was not performed in earlier investigations. It is remarkable that PRSCs in patients with UC still occur after a long follow-up, whereas in patients with FAP nearly all PRSCs occur within the first 9 months of follow-up. This emphasizes the importance of standardized long-term surveillance, including, in particular, consideration of PRSC for patients with UC. The effect of steroid medication on the risk of PRSC has been discussed in the literature, but this has not been clarified. Steroid medication was examined in two univariate analyses. Cohen et al 18 showed that steroid medication is a risk factor for anastomotic leaks, whereas Ziv et al 38 showed that systemic steroid therapy before IPAA was not associated with an increased rate of PRSC within 30 days after surgery. All other speculations on the role of corticoids as risk factors for PRSC are based merely on empiric findings. 20, 32, 39 Long-term steroid use was examined for the first time as an independent risk factor for PRSC by multivariate analysis in our study. A total of 143 patients with UC had been treated with colectomy and a Hartmann procedure before IPAA. Most of these patients were receiving steroids before colectomy but not at the time of IPAA. To avoid bias, these patients were excluded from the analysis of steroid use as a risk factor for PRSC.
Our results showed that the risk of PRSC in patients with UC was significantly dependent on the presence and dose of long-term systemic corticoid medication at the time of IPAA. The estimated rate of PRSC with respect to the dose of corticoid medication at the time of IPAA in patients with UC is shown in the Kaplan-Meier analysis (see Fig. 2 ). A marked difference can be seen between the curves of the estimated rates of PRSC in patients not receiving preoperative corticoid medication, those receiving long-term corticoid medication of up to 40 mg/day, and those receiving long-term corticoid medication of more than 40 mg/day. This difference is caused by a higher increase in the rate of PRSC in patients receiving corticoid medication during the first 4 months of follow-up. After that period, the curves of the estimated rates of PRSC run in parallel so that no difference can be observed in the increase of the curves. From this, we conclude that the use of systemic corticoid medication before surgery affects the rate of PRSC in the first 4 months after IPAA, but not after that. The effect of preoperative systemic steroids on the rate of PRSC during the first 4 months after IPAA could be caused by the fact that steroids impair the healing of bowel anastomosis, increase susceptibility to infection, and have various endocrinologic and metabolic side effects. 40 -43 Independent of any possible pathophysiologic effects of steroids, the dose of corticoid medication might reflect the severity of UC better than the other parameters of disease activity. It is conceivable that treatment of severe colitis with high doses of corticoids resulted in milder symptoms and fewer findings of UC. In these patients, the parameters of colitis disease activity would be low, whereas actually the severity of UC was high, as reflected by the dose of corticoid medication.
As a consequence, the presence and dose of systemic steroids should be taken into consideration in planning the surgical therapy to help prevent PRSC in patients with UC.
IPAA should be performed during intervals when the use of corticoid medication is low or, if possible, during corticoidfree intervals. In patients who require high doses of corticoid medication, the surgical therapy should consist of colectomy with Hartmann closure of the rectum as the first step and subsequent IPAA when corticoid medication is no longer necessary.
Earlier studies discussed whether the indication for IPAA depends on the patient's age, pointing out the reservations of different centers in recommending this surgical therapy for elderly patients. 13,15,44 -47 The results of our univariate and multivariate analyses showed that the risk of PRSC is not higher in elderly patients with UC. Hence, we see no reason to restrict the use of IPAA in elderly patients with UC. Patients with FAP who were older than 50 showed a tendency toward a higher risk of PRSC. This association was significant in the univariate analysis, but age older than 50 did not reach significance in the multivariate analysis.
The severity of proctitis in patients with UC was a significant risk factor for PRSC in the univariate analysis. Even if this risk is not confirmed as an independent factor in the multivariate analysis, this finding suggests that successful local medical treatment of proctitis (e.g., with cortisone or The surgical procedure has been discussed as having an influence on the outcome of IPAA in several earlier studies. 16, 23, 48, 49 Disparities concerning the surgical techniques used in the series of patients may have introduced some errors into earlier studies. In our study, the surgical procedure for IPAA was largely uniform throughout the entire series in terms of design and size of the ileal pouch, technique for construction of the ileal J pouch-anal anastomosis, length of the rectum cuff, and mucosectomy. This allowed us to enter the surgeon's experience and anastomotic tension as aspects of the surgical technique into the analysis in our study, minimizing possible sources of bias from other technical variables. Our results showed a trend toward a higher rate of PRSC in patients who were operated on by a surgeon who had performed fewer than 30 IPAA. This trend was stronger in patients with UC than in patients with FAP but was not significant in either group. This finding may be explained by the fact that performing IPAA, complete mucosectomy in particular, is technically more demanding in patients with UC than in patients with FAP.
Our investigation identified anastomotic tension as a significant risk factor for PRSC in patients with FAP by both univariate and multivariate analyses. As a consequence, we recommend avoiding any tension on the J pouch-anal anastomosis. Attempts should be made to improve the mobility of the J pouch by dividing all tissues connecting the mesentery of the J pouch to the retroperitoneum, scoring the peritoneum in multiple locations, and dividing the ileocolic artery and all mesenteric tissue between the divided ileocolic artery and the next major branch. In all patients in whom these measures are not sufficient to avoid anastomotic tension, a diverting ileostomy is mandatory.
The terminal ileum is used for construction of the ileoanal pouch. BWI is defined as inflammation of the terminal ileum before proctocolectomy and has therefore been suggested as predisposing to PRSC. 50 The frequency of BWI was 18.2% among patients with UC in an earlier study from our hospital 51 and 16.9% in the present study. The results of our investigation show that the risk of PRSC is not increased in patients with UC and BWI. Therefore, the presence of BWI is not a contraindication for IPAA in patients with UC and does not require resection of the inflamed terminal ileum before construction of the ileoanal pouch.
Regarding the surgical technique, investigations during the past two decades considered the advantages and disadvantages of hand-sewn and stapled pouch-anal anastomoses. 12, 30, 31, 38, [52] [53] [54] [55] [56] [57] PRSC was among the main endpoints of these investigations. Nevertheless, the question of which of the two techniques provides superior results concerning PRSC has not been satisfactorily answered. We showed that the occurrence of PRSC is time-dependent in hand-sewn J ileal pouches with complete mucosectomy. This should be taken into consideration for further studies comparing the two anastomotic techniques.
CONCLUSIONS
The risk of PRSC after restorative proctocolectomy is markedly different in patients with UC and patients with FAP. In patients with UC, PRSCs occur as late complications in many patients, and the estimated cumulative risk is significantly higher than in patients with FAP. This emphasizes the importance of regular long-term follow-up regarding PRSC, particularly in patients with UC. Corticoid medication use in patients with UC was identified as an independent significant risk factor for PRSC.
For future studies of risk factors for PRSC, the strong time dependence of the occurrence of these complications should be taken into consideration.
